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TEl and the Mixtepec-Mixtec corpus: data integration,
annotation and normalization of heterogeneous data

for an under-resourced language
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Mixtepec-Mixtec (Sa'an Savi)

e Sa’an Savi ‘rain language’
* |SO 639-3 code: ‘mix’

* Oto-Manguean

* San Juan de Mixtepec, Juxtlahuaca district (Oaxaca, MEX)

* Estimated 9-10,000 speakers; +~3000 in California, Oregon,
Washington, Arkansas

e Status “vigorous” (Ethnologue 21st edition) but
“threatened” (ELDP via Ethnologue 17t edition)

* Has been studied by: Pike and Ibach (1978); Paster and
Beam de Azcona (2004-2007); Beckman and Nieves-SIL
(2005-current)

http://www.mexico.sil.org/language culture/mixtec/mixtec-mix



http://www.mexico.sil.org/language_culture/mixtec/mixtec-mix
http://www.mexico.sil.org/language_culture/mixtec/mixtec-mix
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Primary Sources of Language Data

* Consultation with Speakers

* Recordings made by speakers of others

* ~500 recordings, ~10hrs

 ~ 40 Booklets by SIL Mexico

* Public sources (Facebook, YouTube, etc.)

* Academic papers on language (5)

 Pamphlets from Mexican Government

* Bible (1 book) by Scripture Earth (+1hr spoken; 34,000 words)

* Personal Communication (texts, emails, facebook messages, etc.)



Desired Outcomes

* Create an open source collection of reusable and extensible LR

* Produce corpus-based descriptions and analyses of various
aspects language’s features to further the knowledge of alli
aspects of the language

 Demonstrate and evaluate the application of encoding and
standards (particularly TEI) on an under-resourced non-Indo-
European language

* Collect enough data so that it can be re-used for creating
learning material



Specific Output

* Searchable (TEIl) corpus from text- and time-aligned spoken

sources

* Multilingual Digital (TEI) Dictionary (Mixtec, English, Spanish)
 Annotated (TEl) files of SIL booklets

* Lexical feature inventory

* Phonetic feature inventory

* Open Archive of all media and other files (Dataverse, OLAC)
* Concepts inventory

* Place inventory

* Person list



Challenges Intrinsic to Studying Mixtepec-Mixtec

* Lack of existing resources (under-resourced)
* Need to gather from many heterogenous sources
* Consultants limited availability to edit, gloss text, etc.

* Data exchange and communication with SIL researchers working on the
language in Mexico have has been limited (though | do have agreement to
reuse SIL publications)

* Orthography (in development by SIL) not fully conventionalized, still
changes, speakers often not aware of/don’t use the standards (requires
significant normalization in markup)

 Lexical tone, adds complexity to characterization and it is (mostly) not
represented in the orthography (/lot’s of homographs), creates irregularity in
transcriptions

* Not enough data to automate annotation!



Overview of the Text Encoding Initiative (TEl)

XML vocabulary began in 1987

 Digital Humanities de facto standard (open source consortium), used in lexicography, library
sciences, digitizing archives, linguistic corpora, time-aligned speech

* Dictionary well developed (and increasingly widely adopted)

* Pre-existing tag vocabulary, schemas, documentation, (w/tools Oxygen XML editor) automatic
validation, content completion, templates

* Enables common corpus structure for all levels of language (makes searching and retrieving
easier)

* Indepth metadata available in header
* No limits on number of annotation categories
* Only need to document practices (not likely unique)

* Freely available documentation, mailing list, stable community with journal (jTEl), growing active
users

* Evolving to fit needs of users, can submit issues, proposals to change (via GitHub)
 Easy to generate human readable formats (html, and/or using CSS)
* Not software or platform dependant (data-centered not platform-centered)



TEI for LD and Indigenous Languages

* Underdeveloped usage of standard

* Mostly European languages, increasing in Asia (esp. Japan) (only
Czaykowska-Higgins et al. 2014 & Bowers and Romary 2018)

* Already has appropriate components to handle all major aspects of
LD project (however nobody has previously used all), thus refinement
needed

* Enables integrated treatment of variants, normalization, conflicting
description, speaker attribution, etc.

 Allows customization

Czaykowska-Higgins, E., Holmes, M. D., & Kell, S. M. (2014). Using TEI for an Endangered Language Lexical Resource: The Nxa?amxcin Database-Dictionary
Project. Language Documentation and Conservation, 8, 1-37.

Bowers, J., & Romary, L. (2018). Bridging the gaps between digital humanities, lexicography and linguistics: a TEl dictionary for the documentation of
Mixtepec-Mixtec. Dictionaries: Journal of the Dictionary Society of North America, 39(2).



Mixtec Data: Sources, Workflow, Output
TElL:Corpus
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Speech annotation: Praat > TE| R

Pron
3.24 Orth itsi 3.64
3.64 Pron finia* 4.00
1. TextGrid cabeza-sombrero_TS 3-64 Orth Xlnl, 4-00
Query | View | Select | Interval @ Boundary | Tier | Spectrum Pitch | Intensity Formant Pulses Help 400 Pron fa-l 4_32
4.00 Orth ra 4,32
— 4,61 Tokens 3 6.13
14 5.07 Eng hat 5.89
5.07 Orth Xini 5.89
05 5.07 Esp sombrero 5.89
5.07 Pron filni~ 5.89
f,: i e 6,13 Tokens 4 9.61
B 6.40 Pron intiiy 2 7.35
6.40 Orth itiin 7.35
6.40 Eng An insect was stuck on
. ISR ok his hat. 9.28
1 filni~ intii~ A iltsil Jilni ~* ral 17) 6.40 Esp Se pego un insecto en
2f xini itiin itsi xini ra | o el sombrero de él. 9.28
3”7 sombrero Se pegd un insecto en el sombrero de él. :E;,pg) 7.81 Orth !tSI . 8.36
- . - Eng 7.81 Pron itsiT 8.36
4 hat An insect was stuck on his hat. © 8.36 Pron filnix v 8.96
s 3 4 [ 8.36 Orth xini 8.96
4.794792
4557841 Visible part 4.805667 seconds 9.363507| 0.247826

Total duration 9.611333 seconds




TEI Output from Praat
_________________________________________ <when "T6.40" "6.40"/>
<timeline> T <when "T7.35" "7.35"/>
T <when "T7.81" "7.81"/>
</timeline> <when "T8.36" "8.36"/>
: <when "T8.97" "8.97"/>
<annotationBlock> <when "T9.28" "9.28"/>
</timeline>
<u n="4" "d56e0" "6.13" "9.61">
<seg "utterance" "orth" "T-seg-orth-6.13" "#T-seg-pron-6.13" >
<w "#16.40" "T-orth6.40">itiin</w> A
<w "#T17.81" “T-orth7.81">itsi</w>
<w "#T78.36" "T-orth8.36">xini</w>
<w "#18.97" “T-orth8.97">ra</w>
</seg> Y
<seg "utterance” "ipa" "T-seg-pron-6.13" "#T-seg-orth-6.13">
<w "#16.40" "T-pron6.40">intiiNNA</w>
<w "#T17.81" "T-pron7.81">iltsil</w>
<w "#T78.36" "T-pron8.36">filniA* </w>
<w "H#T18.97" "T-pron8.97">ral</w>
</seg>
</u>
<spanGrp “translation">
<span "es" "#T-seg-orth-6.13 #T-seg-pron-6.13">Se pego6 un insecto en el sombrero de él.</span>
<span "en" "#T-seg-orth-6.13 #T-seg-pron-6.13">An insect sat on his hat.</span>
</spanGrp>

</annotationBlock>



Standoff Annotation in TEl: <spanGrp> & <linkGrp>:

g L

<spanGrp @type>|(1...n) <linkGrp @type> (1..n)

<span @target @ana @corresp> L <link @target>

<spanGrp> is used to annotate: Translations (English, Spanish), grammar, Semantics
(multiple aspects), Interlinear glossed text, General editorial notes

<linkGrp> links (via <link @target>) pre-existing translation content

* Point to separated language content (usually <w> or <seg>)

* Requires @xml:id for all values to be annotated

* Can be included in most TEl be inserted close to target content

e Structure and tag content correspond to feature structure inventory <fs>



SIL Documents: Annotating translations

<item>
<graphic "Aves-02.png"/>
<w "dle53" "mix">
<w "d1e54">chumi</w> ‘\‘
<w "d1e56">xini</w> N
<W "d1e58">ka'nu</w> ..
</w> \\
<w "d1e60" "es-MEX">~. _ T
<w "d1e61">tecolote</w> N N
</w> “~\\ \\
<W "dle63" "es"> e "“~\ T
<w "d1e64">buho</w> "Ttse-e..._._ -, chumixini ka'nu
<w "d1e66">cornado</w> BRRRET T, bﬁ;zcg(l):;zdo
</w>
</item>
Annotations: Translations
<linkGrp "translation"> <spanGrp "translation">
<link "#d1e53 #d1e60"/> <span "en" "#d1e53">Great Horned Owl</span>
<link "#d1le53 #d1le63"/> <span "1a" "#d1e53">Bubo virginianus</span>

</linkGrp>

</spanGrp>



SIL Documents: Basic Prose markup ...z TEI

PDF Source

Nu'u Ncha'i ka

Yee fiu'u tsi chikuii nuu Nu'u Ncha'i. Yee
kua'a ka chikuii cha xo00 ka nu'u. Yee nu'u luu
ka nania "islas", cha inkai ma'i chikuii. Cha
nu'u ka'nu ka nania "continente". Yee ifiu
"continente" nania: Africa, América, Antartida,
Asia, Europa tsi Oceania .

<head>
<seg “L145-13-00" "subject">
<w "d1el1437">
<wW "d1e1438">Nu'u</w>
<w "d1e1441">Ncha'i</w>
</w>
<w "d1le1444">ka</w>
</[seg>
</head>

<head><graphic "L145_10.jpeg"/></head>
<p>

<seg "L145-13-01" "S>
<w “d1e1458">Yee</w>
<w "d1le1461">fu'u</w>
<w "d1le1464">tsi</w>
<wW "d1e1467">chikuii</w>
<w "d1e1470">nuu</w>
<w "d1e1471">
<w "d1e1473">Nu'u</w>
<w "d1e1477">Ncha'i</w>
</w>
<pc>.</pc>
</seg>

</div>



SIL Documents: Prose annotation

<div "L145-13">
<seg "L145-13-01" "S>
<W “d1e1458">Yee</w>
<W "d1el1461">fAu'u</w>
<wW "d1el464">tsi</w>
<wW "d1e1467">chikuii</w>
<wW "d1e1470">nuu</w>
<W "d1le1471">
<W "d1e1473">Nu'u</w>
<W "d1e1477">Ncha'i</w>
</w>
<pc>.</pc>
</seg>
</div>

<spanGrp
<span
<span

<span
<span

<span
<span

<span
<span

<span
<span

<span
<span
</spanGrp>

“translation”>
"#L145-13-01"
"#L145-13-01"

"#d1e1458"
"#d1e1458"

"#dlel461"
"#dlel461"

"#dlel464"
"#dlel464"

"#d1e1467"
"#d1e1467"

"#d1e1471"
"#d1e1471"

Annotations: Translations

"en">There is land and water on the Earth.</span>
"es'"">Hay tierra y agua en la Tierra.</span>

"en">there is</span>
“es">hay</span>

"en">land</span>
"es">tierra</span>

"en">and</span>
"es">y</span>

"en">water</span>
"es">agua</span>

"en">Earth</span>
"es">tierra</span>



SIL Documents: Prose annotation

<div "L145-13">
<seg "L145-13-01" "S>
<W “d1e1458">Yee</w>
<W "d1el1461">fAu'u</w>
<wW "d1el464">tsi</w>
<wW "d1e1467">chikuii</w>
<wW "d1e1470">nuu</w>
<W "d1le1471">
<W "d1e1473">Nu'u</w>
<W "d1e1477">Ncha'i</w>
</w>
<pc>.</pc>
</seg>

</div>

Annotations: Grammar

<spanGrp

<span
<span
<span
<span
<span
<span
<span

</spanGrp>

"gram">

"#d1e1458"
"#d1e1458"
"#dleld61"
"#dleld64"
"#dleld67"
"#dlel471"
"#dlel471"

"HCOP-EXIST"/>

"HREAL"/>
"#HN" />
"CONJ-COORD"/>
"#HN" />
"#ADPOS"/>
"#HN" />



TEI Dictionary: (data view)

<entry xml:id="bird-mourning_dove">

<form type="lemma">
<orth xm!:lang="mix"">lakuku</orth>
<pron xml:lang="mix" notation="ipa" cert="medium>laikuikul</pron>
<ptr type="sound" target="/media/N_mourning_dove.wav"/>
<gramGrp>

<pos>noun</pos>

</gramGrp>

</form>

<sense corresp="http://dbpedia.org/resource/Mourning_dove">

<usg type="domain" corresp="http://dbpedia.org/resource/Animal">Animal</usg>
<xr type="hyponymOf">
<ref corresp="#bird" xml:lang="en">bird</ref>
<ref corresp="#bird" xml:lang="mix">saa</ref>
<ref type="sense" corresp="http://dbpedia.org/resource/Bird"/>
</xr>
<cit type="translation">
<form><orth xml:lang="en">mourning dove</orth></form>
</cit>
<cit type="translation">
<form><orth xml:lang="es">tortolita</orth></form>
</cit>
</sense>
<cit type="example" corresp="/SIL_docs/L152/L152-tok.xmI#L152-01-01">

FZ

i Apps ™M ] Google Scholar & hitp:/fiibgen.iol B Google Translste M Inbox (748) - ijsckb... ™ Roma: generating cu... ¥ DARIAM Datasheet E...

C O @ Secure  hitps://www.allaboutbirds.org/guice/Mourning_Dovelid

ERCLl Q Search TheCornelllb i ‘of Omithology

All About Birds

Mourning Dove
Identification

* ) a8 Q@ “
LfeHistory ~ Maps  Sounds

Overview 1D info

AR NSRS BE O
» 1 Other Bookmarks

Adult Adult Adult
Gray above with large black spots on the In flight shows a long, fan-shaped tail with cf *mourning” call is made by Juv
wing coverts and pale peach-colored below, large white tips. Its wings make a distinctive puffing up the throat but without opening the whi
with a long, thin tail. Note the thin, black bill high-pitched whistle in flight. bill

C {0 O dbpedia.org/page/Mourning dove

| #iapps M [l GoogleScholar & hitpyiibgenol By Google Translate M Inbox (748) - lackb... ™ Roma: genarating cu... € DARIAH Datasheet €..

-*-M @ Browse using ~
About: Mourning dove

An Entity of Type : person, from Named Graph : hiip://dbpedia.org, within Data Space : dbpedis.org

i Formats -

T WO i
» [ Other Boskmarks

(% Faceted Browser (% Sparg| Endpoint

The mouming dove (Zenaida macroura) is a member of the dove family, Columbidae. The bird is also known as the turtle dove,
American moumning dove or the rain dove, and was once known as the Carolina pigeon or Carolina Turtledove. It is one of the most
abundant and widespread of all North American birds. It is also a leading gamebird, with more than 20 million birds (up to 70 million
in some years) shot annually in the U.S., both for sport and for meat. Its ability to sustain its population under such pressure is due
fo its pralific breeding; in warm areas, one pair may raise up to six broods of two young each in a single year. The wings make an
unusual whistling sound upon take-off and landing, a form of sonation. The bird is a strong flier, capable of speeds up to 88 km/h

165 mph)

Property Value

avcabstract

* The mourning dave (Zenaicta macroura) is @ member of the dove family, Columbidae, The bird is alsa known as the turie dove,

American mourning dove or the rain dove, and was ance known as the Caralina pigean o Carolina Turtiedove. It is o6 of the most
abundant and widespread of all North American birds. It is also a leading gamebird, with more than 20 million birds (up to 70 million in

some years) shot annually in the U.S., bath for sport and for meat. Its

its population under such duetoits

prolific breeding; In warm areas, ane pair may raise Up to six broods of two young each in a single year. The wings make an unusual
whistling sound upon take-off and anding, & form of soration, The bird is a strong flier, capable of speads up ta 88 km/h (55 mph),
Mourning dowes are ight grey and brown and generally muted in Golor, Males and females are simiar in appearance, The species is

genarally monogamaus, with twa squabis (young) per brood. Both and

almost exciusively seeds, but the young are fed crop milk by their parents. fen

for the young.

+ La huilots, tértola o rabiche (Zenida macroura) es una especie de Ia familia celas

Américas, Su distribucitn comprende desde el sur de Ganadd hasta Panami, También se encuentra presente en las Bahamas ¥ las

Antillas Mayores, incluyendo Cuba. Sa conoce corno paloma rabiche (Guba y Ren. Dorminic

anaj. En este ltimo pais también se

tértola. Otros

.
torcaza plefiidera (Golombie), paloma rabud (Costa Rica), tértola rabilarga y paloma ligubre. fes)

. tortola rabuda (Nicaragus),

« Die Garolinataube {Zenaida macrours), auch Travertaube genannt, ist ein mittelgroBer Viogel in der Familie der Tauben (Columbidae).
Sia bewohnt in mehreren Untararten Nord- und Mittelamerika. Wie bei allen Trauertauben ist inr Gefieder unauffalig und weist mehrere

<quote xml:lang="mix">In kii ra in <oRef>lakuku</oRef> kunia tanta'i tsi in ncho'o, cha koo xu'in sa'i viko.</quote>

</cit>
<!l-- could also include references to images (where available) -->
</entry>



TEI Dictionary: (User view)

Lakuku (noun)
lalkuTkuT]

(Animal)
type of Bird
in Saa

En. mourning dove
Es. tortolita

Example:

In kii ra in lakuku kunia tanta'i tsi in ncho'o, cha koo xu'in sa'i viko.

En. One day a mourning dove wanted to get married to a hummingbird, but didn’t
have the money for the party.

Es. Un dia una tortolita queria casarse con un colibri, pero no tenia dinero para la
boda.

Bowers, J., & Romary, L. (2018). Bridging the gaps between digital humanities,
lexicography and linguistics: a TEl dictionary for the documentation of Mixtepec-
Mixtec. Dictionaries: Journal of the Dictionary Society of North America, 39(2).



Editing and Normalizing Speaker Authored Sources:

Source written by speaker

Tsika *kuan *yuu *ka *un treen ka

S oSS S

kua’an yu kaa nuu

<seg
<w
<w
<w
<w
<w
<w
<w
<pc>.</pc>

Tag speaker/author of MIX content using @resp </seg>

Correct/normalize spelling, preserve original
with @orig

(also @norm available to keep original and stor
normalized form in attribute)

Editorial certainty indicated with @cert

TEl Encoding

"dlel3171" "mix" "H#HTS" "S>
"d1e13172">Tsika</w>

"d1lel13174" "kuan'>kua'an</w>
"d1el3176" "yuu''>yu</w>

"d1el13178" "high™ "ka">kaa</w>
"d1el13180" "un'>nuu</w>

"d1el13182">treen</w>
"d1e13184">ka</w>



Integrating Content from Academic Papers: Pike & Ibach (1978)

Paper is the original benchmark for the language’s tonal system
Contains a significant amount of vocabulary examples and their tones

However a lack of standardization in both their phonetic alphabet and their tone
characterization creates an enormous amount of work to normalize and integrate into

project’s data model (IPA & TEl)
PDF source scanned, OCR works on English but not Mixtec

Doesn’t use normal standards of phonetic representation!

Non-|PA Tone levels are reversed from Strings are often
¢ = ts conventional description interrupted
¢ = e Toxin o
x _ tJJ" 3= Low S | §[i.]%Si3-¢i?

7 = tz ?=Mid > 1 K[o.]Hlo

Jv‘ - d3 1=High > 1

g = k



Integrating Content from Academic Papers: Pike & Ibach (1978)

1. PHONOLOGICAL WORD

In Mixtepec Mixtec! the minimal phonological word is made up of the Source pdf (scanned)

sequence of two syllables - a couplet. This couplet is the complex nucleus
of the word; the first syllable is marked phonologically by a lengthened
vowel unless that vowel is preceding /7/: k[o.]'lo'ko® ‘our (excl.) male
turkey’, §[i.]%5i3-¢i® ‘his or her (child) aunt’, s[o.]%k0%yu® ‘my (polite)

<div>
<label>1. PHONOLOGICAL WORD</label>
<p> ....is preceding /<c "ipa">¥</c>/:
<Seg lld1e24ll llminl llipall>
<w "dle25" "k[o.]*lo">kollo1</w> <w "dle27"
</seg>
TEI Encoding '<seg "dle28" "en" "orth">
<w "dle29a">our</w> <w "d1e29b">(excl.)</w>
<w "dle30a">male</w> <w "d1e30b">turkey</w></seg>’,
<linkGrp "translation>
<link "#dle24 #d1e28"/>
</linkGrp>
<lp>

</div>

"kol">kol</w>



Challenges in integrating diverse resources

“Lone wolf” & data logjam

Adding new diverse data as found requires time and new workflows
Where to stop!?

Multi-layered linguistic annotations and translations time consuming;

Normalization of extensive variation in orthography, and phonetic transcriptions
from external sources;

Moving targets (changing orthography) & as of last yr + nobody to make
suggestions to regarding orthography

Use of emerging technology no automatic tools, and ever increasing diversity of
data structure input makes limits capacity for automation and make manual
treatment necessary



Key Conclusions

TEI has the capacity to handle needs of LD data, representation;
Applying TEI to LD and indigenous language strengthens the standard

There is a need for existing tools (Flex etc.) to enable TEI output
(currently only EXMARaLDA allows TEI output)

LD projects would benefit from adopting TEl as working or output data
format in the interest of compatibility, interchange and stability

Time needed to process and deal with all of the aforementioned issues
makes my work less user friendly for the community



Moving Forward

Need to make data user friendly, and accessible to community (online portal)

Make reusable for the creation of learning materials

Find non-specialist tools for editing the data

Pursue grants to continue project, hire speakers as editors and contributors

Utilize phonetic material to train ML to automate annotation

Bootstrap one translation language to produce the other (where only one is present)

Automate collection of conceptual data (for annotations) w/ webscraping, other
methods

Need for documentation projects to have long-term view in the data format outputs
(standards)

TEI stabilization of annotations will give rise to tools to ease encoding process



Mahalo! Tatsa’vi kueni!

Special thanks to Geremaia and Tisu’ma Salazar for sharmg thelr
language with me! CORT ‘

iljackb@gmail.com
https://github.com/iljackb/Mixtepec Mixtec

Codex Borgla c. 1500, p. 28 (Vatlcan lerary) obtained from:
Dr. Helen Burgos Ellis, "Codex Borgia," in Smarthistory, September 11, 2017,
accessed March 2, 2019, https://smarthistory.org/codex-borgia/.
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